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The purpose of this thesis is to study product development process value creation in a 

global industrial company. In addition, the potential barriers that prevent the value 

creation are studied. The research aims to give recommendations for improved value 

creation and its measuring. 

 

This research is done as a single case study for a manufacturing company operating in 

high technology industry, on a global scale. In addition to collecting research material 

from the existing literature, interviews, workshop and archived data are used. The thesis’s 

theoretical framework focuses on lean management and how it can be applied in product 

development environment. The aim of the lean product development is to maximize value 

creation and eliminate waste in the process. Lean tools, such as SIPOC, Value Stream 

Mapping, Kano-model and root cause analysis, are used. 

 

The study reveals, that the product development process value creation is based on 

identifying the customer’s needs and requirements as well as short process lead time. By 

eliminating waste in the process, it is possible to decrease the process lead time. According 

to this research, missing and changing requirements as well as lack of resources and 

rework due to the insufficient communication or defects prevents the process value 

creation the most. Based on the findings of the study, the thesis gives recommendations 

for improved value creation. 
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Tämän diplomityön tarkoituksena on tutkia tuotekehitysprosessin arvonluontia 

kansainvälisesti toimivassa teollisuusalan yrityksessä. Työssä tutkitaan, mikä on 

tuotekehitysprosessin tuottama arvo ja mitkä ovat mahdollisia arvontuoton esteitä. Tämän 

lisäksi tavoitteena on antaa ehdotuksia siitä, kuinka prosessin arvontuottoa voitaisiin 

tehostaa sekä mitata.  

 

Tutkimus on toteutettu yksittäisenä tapaustutkimuksena ja tutkimusaineisto on kerätty 

kirjallisuuskatsauksen lisäksi haastatteluilla, työpajatyöskentelyllä sekä yrityksen 

arkistoimaa dataa hyödyntäen. Työn teoreettinen viitekehys keskittyy lean-

johtamisfilosofiaan sekä sen soveltamiseen tuotekehityksessä. Lean tuotekehityksen 

tavoitteena on maksimoida asiakasarvon luonti ja eliminoida prosessin hukat. 

Tutkimuksessa käytetään lean-työkaluja, mukaan lukien SIPOC, arvovirtakartoitus, 

Kano-malli ja juurisyyanalyysi. 

 

Tuotekehitysprosessin arvonluonti muodostuu asiakkaan tarpeiden kuuntelemisesta ja 

niiden muuttamisesta tuotteen vaatimuksiksi sekä prosessin lyhyestä läpimenoajasta. 

Prosessin hukkia eliminoimalla on mahdollista lyhentää prosessin läpimenoaikaa. 

Tutkimustulosten perusteella arvontuoton suurimmat esteet ovat muuttuvat ja lisääntyvät 

tuotevaatimukset, resurssien hallinta ja niiden puute sekä asioiden korjaaminen johtuen 

huonosta kommunikaatiosta tai virheistä. Kehitysehdotusten avulla on tarkoitus tehostaa 

prosessin arvon tuottamista. 
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1 INTRODUCTION 

 

This thesis consists of eight chapters, starting with this introduction chapter. This chapter 

presents the introduction of this thesis, including the background of the study and research 

problem, as well as research objectives and scope. Additionally, execution of the study and 

structure of the report are described.   

 

1.1 Background 

 

A product development capability is recognized one of the organization’s critical success 

factors (Tuli & Shankar 2015; Bassani et al. 2010). Product development is a complex, 

problem solving and knowledge creation process (León & Farris 2011). To create customer 

value, it is crucial to identify and understand needs of the customer. If the needs are not 

understood or they are misunderstood, all activities related to the development work are 

wasting the organization’s resources. (Blocker et al. 2011) 

 

Today’s technologically driven, highly competitive world requires fast and efficient product 

development from organizations (Johnson & Kirchain 2011). In manufacturing business, the 

time of the product development process is directly linked to organization’s profits and 

performance, customer satisfaction, productivity (Patel 2005), and even competitive 

advantage (Saeed 2013). For example, shorter time-to-market release additional capacity to 

develop new products. (Saeed 2013) 

 

According to Modig & Åhlström (2013, p. 7) many organizations have misconstruction 

called efficiency paradox. They are thinking that high efficiency is achieved by maximizing 

utilization of resources. Paradoxically, 100% utilization rate may not be the optimum and 

may cause waste. That creates new needs which demands additional resources, work and 

efforts. The focus should be on the customer and delivering value to it, not in the resources. 

(Verbruggen et al. 2019; Modig & Åhlström 2013, p. 7, 47) In lean product development, 

the idea is to eliminate waste and maximize value in product development process (Welo 

2011). 
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This thesis is done for one manufacturing company operating in high technology industry, 

on global scale. The thesis focuses on the case company’s one business line and its product 

development process, done as a part of organization’s continuous process improvement. The 

problem is, that the case company’s product development process is not efficient enough. 

Resource utilization is around 100% but projects are still running late. The goal is to identify 

what value the product development creates and how that value creation could be improved. 

In addition, the thesis aims to identify potential metrics for value creation.  

 

Thus, this thesis aims to streamline the product development process and its value creation. 

This is supposed to benefit in financial cost savings, shorter time-to-market and quality 

improvements. An efficient and fast process aims for better product development and so on 

for revenue growth. The thesis’s concrete output is definition of product development value, 

how the value could be measured and recommendations for improved value creation. 

 

1.2 Objectives and scope 

 

The aim of this research study is to research the case company’s product development 

process and its value creation. The research aims to identify the value of the product 

development process. In addition, how the value flows through the process and bottlenecks 

that prevents that are studied. Table 1 below presents the research questions and their 

objectives.  

 

Table 1. Research questions 

Research question Objective 

How the product development 

process creates value? 

To quantify the competitiveness of the product 

development process.  

How the value is defined in the 

product development process? 

To identify the main elements that have impacts 

on value creation. 

How the value creation could 

be measured? 

To identify product development process value 

metrics. 

How the value creation could 

be improved? 

To identify potential improvement areas and give 

recommendations for improved value creation. 
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The first research question studies how the product development process creates value. That 

is the main research question of the thesis. It aims to quantify the competitiveness of the 

product development process and study the value creation. This question is divided into three 

sub-questions.  

 

The second research question studies the elements that effect on value creation. The aim is 

to study, how the value is defined in the product development process. What is more, it seeks 

to identify the main elements related to the product development process value creation. This 

is done to gain understanding of process value metrics.  

 

The next question focuses on value creation metrics. It aims to identify how the product 

development process value creation could be measured. In addition, it aims to study, which 

metrics would be suitable to the case company’s environment and product development 

process. 

 

The last question studies, how the value creation could be improved in the case company. 

The question aims to identify potential improvement areas and give concrete improvement 

proposals to improve the case company’s product development process value creation. The 

recommendations aim to solve identified problems mainly.  

 

The scope of this thesis is the product development process of the case company.  In this 

study, the product development process covers all the activities beginning from the decision 

to start the new product development project until the mass production ability is achieved. 

According to several studies, lean product development is used to maximize value, increase 

quality and cut down development times and costs (León & Farris 2011; Liker & Morgan 

2011). Additionally, lean product development methodology and practices are applied in the 

case company. Due to that, in this research, studying lean product development versus 

traditional or other methods is excluded. In addition, out of the scope is changes 

implementation, but this thesis enables base for implementations in the future.  
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1.3 Execution of the study 

 

The study consists of two parts, literature review and empirical research study. Used research 

method is a cross-sectional case study. Both quantitative and qualitative data are used in the 

empirical part. Quantitative data are collected from the case company’s database and 

workshop, and qualitative with interviews and workshop. The empirical research process 

was executed during the fall 2019.  

 

The literature review aims to gain deep understanding of the product development process 

value creation, its challenges and metrics based on the existing literature. It includes 

literature review in product development, basic principles of lean management and lean 

product development. This phase answers to all research questions. 

 

The qualitative part of the research study consists of semi-structured interviews and 

workshop. It aims to gain deep understanding of case company’s product development 

process. It seeks to identify the wastes and bottlenecks which prevents the value creation. 

What is more, it aims to gain knowledge on the possible improvements related to the process 

value creation. For that, several lean tools, such as SIPOC, Value Stream Mapping, Kano-

model and root cause analysis, are used. 

 

The quantitative study is executed by utilizing the data collected from case company’s 

database. It aims to support the qualitative research by giving data of the current state of the 

process’s value creation. Quantitative data are also utilized in the workshop, where process 

steps and times are estimated. 
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1.4 Structure of the report 

 

This paper has been divided in eight parts, including this introduction part. That is followed 

by research methodology and execution of this study. Parts 3-5, the literature review, covers 

the theoretical framework of the thesis. Results of the empirical study are presented in 

chapter 6 and recommendations are given in chapter 7. Finally, the conclusion gives a 

summary of the research. Table 2 below represents the input output model of the thesis. 

 

Table 2. Input output model 

Input Chapter Output 

Overview and background for 

the thesis 

1. Introduction Goals, execution and structure 

of the study 

Methodological choices, data 

collection, data analysis and 

reliability 

2. Research methods Description of the research 

methods, supporting data and 

execution of the study 

Literature review on product 

development  

3. Product 

development 

Identification of benefits of 

product development and 

product development process 

Literature review on lean 4. Principles of lean 

management 

Review of lean management 

principles 

Literature review on lean 

product development 

5. Lean product 

development 

Review of lean product 

development 

Collection of research data on 

product development process  

6. Analysis of the 

process: current & 

future state 

Representation and analysis of 

current state of the process, its 

wastes and bottlenecks and 

future state 

Literature review and empirical 

research results 

7. Recommendations  Recommendations for value 

creation metrics and improved 

value creation 

Combination of the most 

important aspects in the thesis  

8. Conclusion Summary and representation of 

crucial aspects from the 

previous chapters 
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The theoretical framework of the thesis (figure 1) consists of three parts, which are product 

development, lean and lean product development. Product development describes the basic 

principles of product development and its processes and its impact to an organization. Then, 

basic principles of lean methodology and tools are presented. In lean product development, 

these two previous theoretical areas are combined, and lean principles are described in more 

detail from the product development point of view. 

 

 

Figure 1. Theoretical framework of the thesis 

 

 

 

  



7 

 

2 RESEARCH METHODS 

 

This chapter covers the research methods used and the execution of the research. First, 

research process is presented. That is followed by the research’s methodological choices 

which are presented based on the research onion (Saunders et al. 2016, p. 124). The last 

chapter presents the execution of the study. The thesis consists of two parts, literature review 

and empirical study. The aim of the empirical study is to assess organization’s product 

development process value creation, how the value flows in the product development 

process, and what are the main barriers of the value creation. 

 

2.1 Research process 

 

Figure 2 presents the research process of the thesis. At first, the problem definition is made, 

and research objectives set together with the case company. Research design, described in 

the following chapter, is done for choosing the best research method suitable for the thesis. 

That is followed by literature review because of creating the theoretical framework of the 

thesis. Then, the empirical part of the thesis is started, including data collection and analysis. 

The primary source of the data collection is interviews and a workshop conducted for two 

previous product development projects participants. The secondary source is numerical data 

of the case company’s product development projects. Then, collected data are analyzed by 

using different methods. Both execution of the literature review and the data collection and 

analysis are described in the next chapter. Finally, the last activity in the research process is 

results validation. That is done in the conclusion chapter aiming to discuss the research 

validity and limitations. 

 

 

Figure 2. Research process 
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2.2 Methodological choices 

 

Model of the research onion is used in the research design. Figure 3 shows the research onion 

of this study (Saunders et al. 2016, p. 124). 

 

 

Figure 3. The research onion (Saunders et al. 2016, p. 124) 

 

The research philosophy used in the empirical study is interpretivism, chosen due to the 

nature of this study. The chosen philosophy emphasizes the difference between humans and 

physical phenomena. Humans creates meanings that interpretivism studies. It aims to create 

new, richer understanding of social worlds and various approaches can be considered in the 

scientific research. (Saunders et al. 2016, p. 140-141) 

 

There are two kind of approaches to theory development, induction and deduction. 

Deductive approach starts with the creation of the theory research followed by its testing and 

confirmation. Inductive approach is an opposite to that. The approach of the thesis is chosen 

to be inductive. It can be linked to chosen research philosophy, and it allows flexibility and 

a closer understanding of the research context. The research will begin by creating an 

understanding of the problem and its nature, for example by doing interviews with 
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employees or discovering their work followed by the formulation of a theory. (Saunders et 

al. 2016, p. 124-127) 

 

This research is conducted as a mixed-method research. It means that both quantitative and 

qualitative research methods are used. In quantitative research numeric data are used while 

in qualitative research non-numeric data such as words, images and videos are used. 

(Saunders et al. 2016, p. 164-165) An advantage of the mixed-method is that it decreases the 

potential for biases, limitations and weakness that might occur when utilizing single a 

method and improves the quality of the study. Additionally, using mixed methods allows 

flexibility to research process and might create new insights and possibilities that one method 

alone could not produce. (Fidel 2008) Used research methods in this thesis are quantitative 

use of archived data and workshop and qualitative data obtained from interviews and 

workshop.  

 

Chosen strategy of this thesis research is a case study. The case study focuses on a topic or 

phenomenon and examines it in a natural setting. Data can be gathered by multiple means, 

from one or more entities, such as people, groups or organizations. The case study focuses 

on contemporary events and its advantage is that it allows changes in data collection methods 

as the researcher develops new hypotheses. (Saunders et al. 2016, p. 184; Yin 2014) In this 

case, case company’s previous projects were selected as cases of the research. 

 

There are two kinds of time horizons, cross-sectional and longitudinal. A cross-sectional 

study involves the study of a specific at a particular time while a longitudinal study covers a 

longer period of time, allowing for example change and development. (Saunders et al. 2016, 

p. 200) Due to the thesis’s schedule, this study adopted cross-sectional time horizon.  

 

Used data collection methods are literature review, use of archived quantitative data, 

interviews and workshop. The focus of the research is on the workshop and quantitative 

study is done to support research results and conclusion. 

 

Ørngreen & Levinsen (2017) define a workshop as an arrangement for a group of people to 

learn, acquire new knowledge, perform problem solving or innovate in relation to a domain-
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specific issue. Workshop can be used as a research methodology. Workshop aims to produce 

reliable and valid data about the domain in question. (Ørngreen & Levinsen 2017) The 

workshop of this thesis is conducted as a Kaizen event. Kaizen workshops are the case 

company’s regular continuous improvement tool. With the Kaizen workshops the case 

company has been successful for defining problems, root causes and prioritization within the 

process. The workshop aims to provide both qualitative and quantitative data. As a part of 

the Kaizen workshop, every participant is interviewed individually. The interviews are 

executed as a semi-structured interview.        

 

Secondary data are data which are collected initially for some other purpose. That data can 

be further analyzed to provide additional or different knowledge. Usually, organizations 

collect and store a wide variety and large volume of data, which is used to support their daily 

operations. (Saunders et al. 2016, p. 316-317) In this thesis, used secondary data are data 

from previous product development projects and it is collected from the case company’s 

archives.  

 

2.3 Execution of the study 

 

Literature review is the first part of the thesis research. The aim of the literature review is to 

research and conceptualize value creation in product development process. The literature 

review begins by creating a basic understanding of the product development, product 

development process and its specialties. Then, basic principles of lean management are 

covered. Lean is selected to the base of the theoretical framework since it is consistent with 

the organization’s strategy and polices. That is followed by lean product development which 

aims to identify the lean principles in product development environment.  

 

The main resources for literature review are academic articles, conference publications and 

books. For searching articles and books, Lappeenranta University of Technology Finna-

portal is mostly used. In addition, Google Scholar and several other academic databases, 

such as Science Direct and SpingerLink are used in the research. Table 3 shows the main 

used search keywords. Additionally, snowballing technique was used as a part of a 

systematic literature review. Snowballing is a technique where references of a certain article 
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are observed in order to find other potential researches related to the same topic (Wohlin 

2014). Additionally, the case company’s internal material has been searched from 

organizations internal websites and other internal information systems to get basic 

understanding of the current processes and working methods.  

  

Table 3. Important search keywords 

Keywords related to lean product development  

“efficient product development process” 

”lean” AND ”product development” 

”lean product development” 

”product development process” 

”lean principles” AND ”product development” 

“value creation” AND “product development” 

“waste” AND “product development” 

“process flow” AND “product development” 

“continuous improvement” AND “product development” 

 

The second part of the thesis research is the empirical study. The empirical study aims to 

observe the current state of the case company’s product development process and the value 

creation of that process, as well as identify wastes and root causes of the process. 

Additionally, the empirical study aims to study how the process value creation could be 

measured and so on improved. That is followed by study of potential solutions to eliminate 

waste and improve the value creation. For the thesis scope, two past product development 

processes are chosen for detailed research.  

 

As mentioned, the data collection method used are interviews and workshop among chosen 

projects key participants. Before the workshop, all participating role’s representatives are 

interviewed in order to get a basic understanding of the process and its pain points. 

Additionally, pre-interviews aimed to help preparation to the workshop in order to get better 

results and used as a qualitative data in analysis part. The amount of the pre-interviews is 8 

and the average of interview time was 30 minutes. Pre-interviews were executed as semi-
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structured interviews. Interview questions can be found in appendix 1. Table 4 presents the 

interviewees, including the interview date and participant’s role in the project.  

 

The Kaizen workshop is a continuous improvement way of life, based on the lean thinking. 

Kaizen workshop is widely used continuous improvement method in the case company. It is 

founded to be an efficient tool for identifying problems and new ways of working within the 

process and empowering the team. (Al Smadi 2009) Structure of the Kaizen workshop is the 

following; at first, the case company’s current flow and resource efficiencies are identified 

with efficiency matrix and the voice of the customer is specified using the Kano-model. 

Then, current process SIPOC and value stream mapping is done. From the current mapped 

process, process lead times are estimated as well as all process wastes and their root causes 

are identified and analyzed. Finally, future state of the process is built. The future state 

includes desired state of the process and proposals for the waste elimination. What is more, 

new process lead times are estimated and potential time savings presented. The last step is 

doing action plan for implementing the changes, which is out of this thesis scope. 

 

Two-day workshop was executed in October 2019. The workshop agenda can be found in 

appendix 2. Two previous product development projects were selected as the cases for the 

workshop and the participants were members of those two projects. Table 4 presents the 

participants of the workshop. For practical reasons, only three of the pre interviewed persons 

were able to participate in the workshop. Despite that, all roles where represented in wanted 

responsible areas. In total, 13 employees are participating in the research. 

 

As a quantitative research method, selected projects’ data are studied. The analysis is 

conducted with the available data in the organizations project management, available data 

of projects is collected from case company’s systems. That data focus on projects schedules, 

planned and released. The goal of the analysis is to support the qualitative research. What is 

more, the workshop provides quantitative data as well, when the process lead times and 

processing times are estimated by the workshop participants.  

 

 

 



13 

 

Table 4. Interviewees and workshop participants 

 Role in the company Pre interview done Participated in workshop 

1 Project Manager 29.8.2019 X 

2 Chief Engineer 29.8.2019 X 

3 Product Manager 16.9.2019 - 

4 Project Manager 16.9.2019 - 

5 Chief Engineer 16.9.2019 - 

6 Mechanical Engineer 16.9.2019 - 

7 Mechanical Engineer 18.9.2019 - 

8 Project Manager 27.9.2019 X 

9 Product Manager - X 

10 Product Manager - X 

11 Design Manager - X 

12 Ramp-Up Manager - X 

13 Process owner - X 

14 Master’s Thesis Worker / 

Facilitator  

- X 

15 Continuous Improvement 

Manager / Facilitator 

- X 
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3 PRODUCT DEVELOPMENT  

 

This chapter focuses on product development, its basic principles and role as an 

organization’s competitive advantage.  Additionally, a basic product development process 

and alternate processes, spiral and complex system processes, are described. At least, Stage-

Gate model is described briefly. 

 

In the literature, terms product development (PD), new product development (NPD) and new 

product introduction (NPI) are used to describe the same concept (León & Farris 2011). In 

this thesis, the used term is product development. The product development is defined as 

“the process of creating or improving a product or service and managing it during all stages 

form design through marketing” (Cambridge Dictionary 2019). In addition to creating a new-

to-the-world product, the product development can also be related to improvements and 

revision to existing products, market repositioning or cost reductions. Moreover, creating 

new production lines or additions to existing ones are also part of the product development. 

(Cooper 2000) 

 

3.1 Importance of product development 

 

The product development is one of the organization’s critical success factor and a 

competitive advantage (Tuli & Shankar 2015; Bassani et al. 2010; Jokinen 2010, p. 9; Sorli 

et al. 2010). If the organization does not put enough effort to product development, it 

eventually leads to obsolete products which in turn decreases sales. (Jokinen 2010, p. 9) 

Ulrich & Eppinger (2015, p. 12) point out that the ability to identify customers needs and 

develop products which meet these needs, quickly and with low production costs, is the key 

for economic success of most of the organizations. Schuh et al. (2017) admits that by saying 

that the company that gets the right product to the customer fastest has a competitive edge. 

Especially for manufacturing companies, to become winners of the markets, they need to 

improve their capacity in inventing, developing and producing new products. So, that means 

producing attractive products which satisfy customer’s needs, reaching the marketplace 

earlier than competitors. (Welo 2011) 
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Product development is mainly problem-solving and knowledge creation. The desire of 

product development process and its activities is to create information and transform that 

information and knowledge into customer value. (León & Farris 2011; Welo 2011; 

Mascitelli 2007) Product development deals with risks and uncertainty, problem-solving and 

discovering and learning form failures. It is highly variable in the duration and sequences of 

tasks. (Reinertsen 2009, p.2; Mascitelli 2007) Product development environment is about 

continuous change and uncertainty. (Sorli et al. 2010). 

 

Organization’s do product development to create value for themselves and its stakeholders 

and customers. Customers, existing and potential, are looking for value and positive results. 

Foundation of product development and value creation is meeting customers’ needs and 

requirements and providing benefits. (Rainey 2005, p. 37). 

 

3.2 Product development process 

 

Product development process (PDP) is cross-functional and collaborative, usually a complex 

process (Welo 2011; Mascitelli 2007). Unger & Eppinger (2011) define product 

development process as “the procedures and methods that companies use to design new 

products and bring them to market”. With an efficient product development process, a 

company can reduce product’s time-to-market, improve product performance, create new 

business areas, satisfy customer’s need or change the rules of competition. (Bassani et al. 

2010) An effective and working product development process increases the benefits and 

decreases defects, burdens and costs of product (Rainey 2005, p. 37).  

 

Product development process differs from production process. Unlike in production process, 

product development is not like doing the same thing repeatedly. It is creating something 

new, what is not exist. (Browning et al. 2002) The primary output of the process is 

information (León & Farris 2011; Welo 2011; Mascitelli 2007). Valuable information is 

produced by reducing uncertainty and risk (Browning et al. 2002). The complexity comes 

from the uncertainty that is involved in product development process (Finch and Ward 

1997). According to Browning (2002) the complexity of product development is caused by 
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the complexity and number of each process element, the complexity and number of 

relationships among these elements. 

 

Ways of doing product development differs a lot in organizations. Some organizations define 

and follow a detailed, precise process while others find it difficult even describe the process. 

Additionally, product development process differs in every organization. Usually, the 

duration of product development process is measured in months or years (Welo 2011). 

However, figure 4 presents a generic, six phase product development process. A well-

defined product development process helps organization with quality assurance, 

coordination, planning, management as well as improvement issues. For instance, milestones 

in the process help to corresponding to the completion of every phase, check the quality and 

schedule the overall development project. (Ulrich & Eppinger 2015, p. 12-14) 

 

 

Figure 4. Product development process (Ulrich & Eppinger 2015, p. 14) 

 

Process starts with phase zero, which is the planning phase. The aim of the planning phase 

is to produce project’s mission statement, which is used as an input in the next phase. The 

output includes for example target market specification and business goals. The first phase, 

the concept planning, includes for instance identification of customer needs, product 

specifications, concept generation, selection and testing. That is followed by the system-level 

design which aims to define the product architecture and breakup the product into 

subsystems and components. In the third phase, detail testing, the product geometry and 

materials of every part of the product are defined. In addition, production tooling is planned 

in this phase. The Testing and refinement phase is for prototype testing. It is an important 

phase in order to see if the developed product works as designed and meets the key 

customer’s requirements and needs. Finally, the last phase of product development process 

is the production ramp-up. That phase helps with future production and the aim is to train 

the work force and find remaining problems in the production system. When everything is 
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ready, the product can be launched and becomes available for distribution. (Ulrich & 

Eppinger 2015, p. 13-15) 

 

3.2.1 Spiral and complex product development process 

 

Ulrich & Eppinger (2015, p. 23) describes two variation of generic product development 

process, spiral product development process (figure 5) and complex system product 

development process (figure 6). Every phase of the process is followed by a gate, which is a 

review that the phase is completed properly. Also, the decision whether to continue to the 

next phase or not is done. (Ulrich & Eppinger 2015, p. 22-23)  

 

 

Figure 5. Spiral product development process (Ulrich & Eppinger 2015, p. 23) 

 

 

Figure 6. Complex system development process (Ulrich & Eppinger 2015, p. 23) 

 

In spiral product development process, iteration is used for detail design, prototyping and 

test activities. Iterations are repeated several times until the product is completed. For a better 

result, a customer can be involved in one or more development cycles. That process model 

is usually used for quick-build products, for instance a software. Complex systems 

development projects, design and test activities happen into parallel stages of work on the 

many subsystems and components. That is used for larger-scale and complex products, such 

as automobiles or airplanes. (Ulrich & Eppinger 2015, p. 19-22) 
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3.2.2 Gate model 

 

The decision process of the product development process is described by Cooper (2008) who 

is the founder of the Stage-Gate model. The Stage-Gate model (figure 7) is a system for a 

product development, from idea to launch, used for controlling development projects and as 

a decision criterion. In the model, each of the five stages include activities regarding to 

information gathering. Those activities are done by the project team. That is followed by an 

analysis of the results of the activities, also done by the project team. The analysis results 

produce deliverables, which are input to the gate. Every stage is followed by a gate which is 

a decision point. The decision is whether to continue to the next stage or no. (Cooper 2008) 

 

 

Figure 7. The Stage-Gate Model (Cooper 2008) 
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4 PRINCIPLES OF LEAN MANAGEMENT 

 

This chapter focuses on lean management. It starts with introduction of lean principles and 

its benefits. What is more, customer value creation and process mapping tools SIPOC and 

value stream analysis are presented. Final chapter deals with value flow efficiency which is 

one of the main themes in lean management and process improvement.  

 

Lean is a management philosophy which focuses on the customer and doing the right things 

quickly. It also focuses on process value flow and waste elimination. In addition, continuous 

improvement culture, that improvement is everyone’s job is a part of the lean. (Oppenheim 

2004) Basic idea of lean is to maximize the customer value by eliminating waste and 

analyzing the flow of the process. According to different studies, lean methodology is “the 

most efficient method known for flexible delivery of quality products in the shortest possible 

time and at minimum costs” (Oppenheim 2004). By eliminating waste, resources are 

released and can be used and focused on value adding activities (Petersen & Wohlin 2011). 

Figure 8 describes other benefits of lean (Melton 2005).  

 

The base of lean is to create value for the customer. In practice, that means providing the 

right product at the right time, with the right cost to the customer. (Womack & Jones 2003, 

p. 353) According to Lean principles, the customer, internal or external, is only interested in 

the flowing to them. They do not see or mind the organization’s effort during the production 

or with the other customers. In addition to creating value for the customer, the organization 

benefits their internal processes. (Womack 2006) 
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Figure 8. Benefits of lean (Melton 2005) 

 

4.1 Customer value 

 

The most important lean principle is to understand and identify a customer value. The value 

is defined as “a capability provided to a customer at the right time at an appropriate price, as 

defined in each case by the customer”. In this case, it means, that organizations should define 

or specify value to the stakeholders. The value is created by the producer but defined by the 

customer. Value is meaningful if a specific product meet’s the customer’s needs at a specific 

price at a specific time. The customer only wants to pay for activities that added value to the 

product. (Womack & Jones 2003, p. 29-36, 353) 

 

Kano-model is a lean tool, used for a better understanding of customer needs and 

requirements. The value is identified by focusing on the voice of the customer.  It helps to 

identify the voice of the customer and assess the relative attractiveness of product features 

to intended customer. Additionally, model defines the relationship between product 

attributes and organization’s engineering performance. Kano model is used to identify the 

customer satisfaction of both, internal and external customer. Figure 14 presents a template 

of Kano model. (Gupta & Shri 2018; Matzler & Hinterhuber 1998) 

 

Kano-model divides customer needs in three categories. Must have-requirements are things 

that the customer can assume to be on the product or the service. Having only the must have’s 
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is not enough to create value to the customer. However, if these are missing, the customer is 

unsatisfied. More is better, things that the customer is requiring for the product or service. 

The more of these things are in the product, the happier the customer is. These things add 

the value to the customer. Delighters are those things, that the customer does not require but 

which are appreciated. Delighters can also be called as “wow-effect”. (Gupta & Shri 2018) 

 

 

Figure14. Kano model template (Gupta & Shri 2018) 

 

4.2 SIPOC process mapping 

 

SIPOC is Lean Six Sigma method used for high-level description of the process. SIPOC 

stands for supplier, input, process, output and customer. It identifies the key customers of 

the process, relationships between the suppliers and the customers as well as inputs and 

outputs of the process. (John et al. 2009, p. 34) SIPOC is made for common understanding 

of the process and use as a base for the future improvement work. Figure 9 presents an 

example of SIPOC process mapping. 
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Figure 9 SIPOC template 

 

4.3 Value stream analysis 

 

Value stream is the sequence of process activities required to produce a product or a service. 

It can be from concept to launch or from an order into hand of the customer.  Every step of 

the process should be challenged in order to see if it creates value or not. By doing value 

stream, it is possible to identify process wastes and value-adding activities. Figure 10 

presents that by eliminating wastes of the process, capacity is released, and it can be used in 

value-adding activities. (Womack & Jones 2005, p. 2; Womack & Jones 2003, p. 37-49) 

 

According to lean, the activities of the process can be classified in three different categories 

(Womack & Jones 2003): 

 

1. Value-adding activities (VA): activities, that are really moving the product design 

forward. These activities create value to the external customers so that they are 

willing to pay to get the activity done. (Tyagi et al. 2015) 

 

2. Necessary non-value-adding activities (NVA): Activities, that are not adding the 

value itself but helping other activities to add value to the product (Cai & Freiheit 

2011b). 

 

3. Non-value-adding activities i.e. waste: Activities that are not moving the product 

design forward nor create value to the external customer. All activities considered as 

waste should be identified and eliminated. (Tyagi et al. 2015) 
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In production environment, a specific operation or process step is creating value, if it meets 

following three requirements; 1) the customer is willing to pay for the activity or its result, 

2) it transforms the physical shape of the product and 3) it is done correctly at the first time. 

If the operation or process activity does not meet one of these three requirements, it is 

considered as a waste. (Fiore 2005) 

 

Lean principles define waste, muda, as “an activity that consumes resources but creates no 

value” (Womack & Jones 2003, p. 350). One of the key principles of minimize time and cost 

in product development process is identify waste and reduce it (Mynott 2012). Usually, 

waste is not easily visible and occurs from doing activities with a wrong input (Welo 2011). 

When the value is defined and the value steam identified, the value needs to flow 

continuously. All waste, such as waiting, or inventories should be eliminated in order to 

make the process flow. From the customer point of view, all the activities that does not add 

value to them are waste. (Womack & Jones 2005, p. 2; Womack & Jones 2003, p. 50-66) 

 

Process wastes can be classified in eight different categories. (Belvedere et al. 2019; Morgan 

& Liker 2006, p. 72; Womack & Jones 2003) The eight types of wastes and their 

explanations in knowledge work are the following: 

1. Overproduction: creating too much, too early or unnecessary information 

2. Waiting: waiting for information, materials or decisions 

3. Conveyance/transportation: information incompatibility or communication failure 

4. Processing: processing information more than required, for instance too many 

iterations, unnecessary serial effort of excessive verification 

5. Inventory: having too much information 

6. Motion: moving people to access the information, lack of direct access 

7. Correction/defective product: error or mistake in product that causes rework 

8. Unused employee creativity: insufficient sharing of knowledge, not enough 

responsibilities (Rossi et al. 2011; Oehmen & Rebentisch 2010) 

 

To identify wastes and root causes, lean tools called 5 whys and fishbone diagram are used. 

The 5 whys is a method starting with identification of the specific problem in the process. 

That is followed by a question why the problem happens. Asking ‘why’ continues until the 
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root cause of the problem is founded. (Chen & Shady 2010) In fishbone diagram, root causes 

are classified in six categories; metrics & measurements, materials & information, people & 

capabilities, culture & environment, ways of working & practices and systems & technology.  

 

 

 

Figure 10. Capacity is released when waste is eliminated 

 

To describe the value streams, value stream mapping (VSM) is a business process 

improvement method based on lean thinking. (Mcmanus & Millard 2004). The mapping is 

done in order to understand and visualize the value stream better to improve it. In literature, 

VSM is defined as “a method by which the outcomes of the value stream analysis are 

depicted or illustrated” (Mcmanus & Millard 2004). VSM is a visual tool to describe the 

process, process steps and its inputs and outputs. Also, it makes used resources, cycle time 

and utilized time visible. (Tyagi et al. 2015) 

 

Pull system enables the process flow. Womack & Jones (2003, p. 351) defines pull as “a 

system of cascading production and delivery instructions from downstream to upstream 

activities in which nothing is produced by the upstream supplier until the downstream 

customer signal a need”. Pull is the opposite of push. With a customer pull, designing and 
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delivering the products the customer wants when customer wants, it is also possible to 

eliminate the waste. For example, finished-goods inventories and production of unwanted 

products are removed. Differences of push and pull systems are represented in figure 11. 

(Womack & Jones 2003, p. 67-89; Womack & Jones 1996) 

 

 

Figure 11. Pull versus push system (González et al. 2012) 

 

4.4 Resource & flow efficiency 

 

Process efficiency seeks to focus on throughput maximization instead of resource utilization 

maximization. An efficient organization is an organization with minimized lead times. In 

flow efficiency, the focus is on the customer. The goal is reduced throughput time and so 

fulfill the needs of customer more rapidly. (Modig & Åhlström 2013, p. 12-14, 19, 

Verbruggen et al. 2019)  

 

Modig & Åhlström (2013, p. 7) demonstrate in their book “This is Lean”, how firms should 

move the focus from resources to the customer. They say, that many organizations are really 

wasting their resources when they think they are being very efficient. This is called efficiency 

paradox. (Modig & Åhlström 2013, p. 6-7) There are a wrong assumption that high 
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efficiency is achieved by maximizing utilization of all the parts. That kind of process is 

inefficient. (Verbruggen et al. 2019)  

 

Resource efficiency or resource utilization maximization (figure 12) means that the 

organization focuses on utilization of resources. The resource efficiency is a traditional and 

pretty common way to manage resources. It has a history over 200 years, when industrial 

development was based on increasing utilization of resources. Basically, organizations think 

that they are doing efficient work, when their employees work, and equipment are used as 

much as possible. In practice, however resources might work together in poor way which 

leads to queues and so on increased lead times. Lean thinking and flow efficiency overturn 

this belief and seeks to elimination of waste which increase process efficiency. (Modig & 

Åhlström 2013, p. 9-11, Verbruggen et al. 2019) 

 

 

Figure 12. Inefficient process (Verbruggen et al. 2019) 

 

On flow efficiency (figure 13), the focus is on the unit processed in the organization. Process 

efficiency seeks to focus on throughput maximization instead of resource utilization 

maximization. An efficient organization is an organization with minimized lead times. In 

flow efficiency, the focus is on the customer. The goal is reduced throughput time and so 

fulfill the needs of customer more rapidly. (Modig & Åhlström 2013, p. 12-14, 19, 

Verbruggen et al. 2019) According to Liker (2004, p. 280) most organizations’ value-adding 
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time is 10% of all activities. From that can be argued, that most organizations have low 

process cycle efficiency. 

 

 

Figure 13. Efficient process (Verbruggen et al. 2019) 

 

Efficiency matrix, presented in figure 14, is a matrix based on the resource efficiency and 

the flow efficiency. An organization can be in four different places of the matrix based on 

its resource and flow efficiencies. The possible locations are wasteland, efficient ocean, 

efficient islands and perfect state. (Modig & Åhlström 2013, p. 100-102) 

 

Starting from the left-up corner, efficient islands are located there. The resource efficiency 

is good, but the flow is slow. The organization is consisting of different units which are sub-

optimized, meaning that every unit maximize their own resources, regardless of others. On 

an opposite to the efficient islands is the efficient ocean. There the flow is efficient, but the 

resources are oversized. Focus is on the customer and meeting the customer’s needs as fast 

and effectively as possible.  In the wasteland, nether the resource and flow efficiency are 

weak. Resources are wasted and the value does not flow to the customer. On the right upper 

corner is the perfect state. The state, where both resource and flow efficiency are working 

well. That state is hard to achieve because of the laws of the process flow and variation. 

These both aspects are covered in the next chapter, under the product development flow. 

(Modig & Åhlström 2013, p. 100-102) 
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Figure 14. Efficiency matrix (Modig & Åhlström 2013, p. 100)  
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5 LEAN PRODUCT DEVELOPMENT 

 

This chapter covers literature review of the lean product development. The chapter starts 

with a short introduction of the lean product development and how the lean principles can 

be integrated to product development even though it differs from traditional manufacturing 

processes. That is followed by two chapters, which present the measuring and improving the 

value creation of the product development process.  

 

Although product development process differs from traditional production process, previous 

studies have reported that the lean principles can be applied to product development (Rossi 

et al. 2012; Cai & Freiheit 2011a; León & Farris 2011; Rossi et al. 2011; Welo 2011; 

Oehmen & Rebentisch 2010; Locher 2008; Morgan & Liker 2006; Haque & James-Moore 

2004). One of the main differences in production and product development process is that 

the main input and output of the product development process is information (Morgan & 

Liker 2006; Krishnan & Ulrich 2001). Unlike manufacturing process, product development 

process is non-repetitive. In production, the same activity can be done multiple times and it 

still adds value. In lean product development, rational risk taking is central when adding 

value. (Reinertsen & Shaeffer 2005) In addition, product development process has a higher 

level of variability and uncertainty compared to production process (Browning & Sanders 

2012).  

 

Wang et al. (2012) define lean product development as the “application of lean principles to 

the product development process to eliminate wastes”. Lean product development is not only 

about minimizing waste, cost or cycle time, but about maximizing value. Maximizing value 

might require doing more activities, it does not automatically mean doing fewer. (Welo 

2011; Browning 2003) Organizations use lean product development seeking to maximize 

value, increase quality, cut down lead times and costs for product development process 

(León & Farris 2011; Liker & Morgan 2011). 
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5.1 Measuring value of the product development process 

 

In product development, the role of the voice of the customer is significant (Saeed et al. 

2013). By identifying and understanding the customer or market needs and translating them 

into requirements it is possible to create value to the customer. (Wang et al. 2012) Researches 

show that understanding the customer needs better than competitors result in greater revenue 

(Saeed et al. 2013). Value is created, if the product or service is wanted and provided at the 

right time. (Womack & Jones 2003) If the product development is done with incorrect 

knowledge or translation of customer needs it leads to incorrect product specifications. 

Everything done, what the customer does not want, is waste. (Cai & Freiheit 2011a)  

 

According to Deyst (2001) value is created when the risk is reduced per resource expended. 

In product development, the risk is to create a product that no one wants to buy. (Deyst 2001) 

Every step of the process should reduce risks and hence add value to the customer. Moreover, 

every activity of the process should directly contribute to the ‘form, fit or function’ of the 

product. (Lean Aerospace Initiative 1998)  

 

Cai & Freiheit (2011a) point out that the value can only be defined by the stakeholders. Thus, 

organization’s minimum costs thinking is not always the best option. What is more, in 

product development environment, the challenge is different requirements from all 

stakeholders. Usually these requirements are conflicting. (Siyam et al. 2015)   

 

The role of the process inputs is significant. Even if the process is 100% value-added 

activities, if the inputs, for instance customer requirements are wrong or missing, the output 

of the process is a product that does not meet the customer needs and requirements hence no 

one wants to buy it. (Browning 2003; Ring 2001) However, for more complex products, it 

might be hard to calculate the value and weight for requirements (Wang et al. 2012). 

 

Table 5 summarizes definitions of value in product development process, founded in the 

literature. 
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Table 5. Value definitions in literature 

Resource Definition 

Cai & Freiheit 

(2011a) 

“Value is benefits that stakeholders’ desire and it can only be defined 

by the stakeholders” 

Oppenheim et al. 

(2011) 

“Complex system value is associated with satisfying all stakeholders, 

which implies a flawless product/mission, delivered with minimum 

cost, shortest possible schedule.” 

Mascitelli (2007) “A design/development activity is value-added if it transforms a new 

product design (or the essential deliverables needed to commercialize 

it) such that the product’s profit margin and/or market share are 

positively impacted.” 

Oppenheim 

(2004) 

“A robust product satisfying stakeholders’ functional and contractual 

requirements and expectations including all quality aspects and 

features required for mission assurance” and “Delivering item within 

short schedule and at minimum cost, by removing PD waste.” 

Womack & Jones 

(2003) 

“A capability provided to a customer at the right time at an 

appropriate price, as defined in each case by the customer.” 

Deyst (2001) “The amount by which risk is reduced per resource expended.” 

Lean Aerospace 

Initiative (1998) 

“Anything that directly contributes to the ‘form, fit or function’ of the 

build-to package or the buy-to package.” 

 

Value of the product development process consists of many different aspects. Several 

different tools for quantifying value in product development process can be found in the 

literature. These tools are defining value from different aspects, also the metric is different. 

Table 6 summarizes methods for measuring value in product development process, founded 

in the literature. 
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Table 6. Methods for measuring value creation 

Reference Name Value definition Metric 

Matzler & 

Hinterhuber 

1998 

Time to 

Market 

Schedule Program completion (time) 

Rother & Shook 

2009 

Value Stream 

Map 

Direct value added 

to the customer 

Subjective 

Gupta & Shri 

2018 

Kano-model Must have, more is 

better and delighter 

Organization’s performance 

McManus 2005; 

Chase 2001 

Risk Value 

Method 

Performance risk TPM (technical performance 

measure) uncertainty (ratio) 

George et al. 

2005 

Process cycle 

efficiency 

formula 

Flow efficiency Process value-added time and 

lead time 

 

Time-to-market (TtM) is considered as one of the critical factors in product development 

(Matzler & Hinterhuber 1998). It is the time that it takes from organization to launch a new 

product. Value is created, when process tasks are completed. (Maylor 2001)  

 

Value stream map is a subjective metric, which divides process tasks in value-adding, 

necessary non-value-adding and non-value adding activities. (Womack & Jones 2003) 

According to Fiore (2005), a specific process steps creates value, if the customer is willing 

to pay for the activity or its output, is transforms the physical shape of the product and it is 

done correctly at the first time.  

 

Kano model is used for identifying the voice of the customer. It classifies value in three 

categories which influence on customer satisfaction; must have, more is better and delighter 

requirements. In addition, organization’s performance, are the customer’s expectations 

exceeded or not is analyzed. Model is used for gaining understanding of product 

requirements and helps in prioritization. (Gupta & Shri 2018; Matzler & Hinterhuber 1998) 
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In a risk value method, the value creation is seen as a creation of valuable information that 

reduces risk. In this case, the risk is to develop a product that the customer does not want to 

buy. Figure 17 shows that by creating useful information, the level of uncertainty lowers, 

and value is added. That value is added in each task of the process. The challenge is, that the 

information should be provided in the right place at the right time, when it is the most useful. 

(Welo 2011; Browning et al. 2002; Chase 2001). Additionally, the quality of information, 

which is the input matters. Even 100% value-adding process activity cannot create high 

quality results if its inputs are poor quality. (Ring 2001; Browning 2003) 

 

 

Figure 15. Accumulation of value (Adapted from McManus 2005 & Chase 2001) 

 

Process cycle efficiency is a measurement of delivering value. Efficiency describes, how 

quick that value is delivered to the customer. Process cycle efficiency is affected by value 

added time and total lead time. In other words, it means that having a lot of waste in process, 

the process is not efficient. Increased efficiency correlates to decreased waste. Process cycle 

efficiency metric is a relative metric, scale from 0% to 100%. 100% efficiency means that 

the process adds value to the customer from start to end without any interruptions. 0% means 

that a product never goes to production. (Verbruggen et al. 2019) Formula 1 below presents 

the process cycle efficiency function (George et al. 2005, p. 201).  

 

 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐶𝑦𝑐𝑙𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑉𝑎𝑙𝑢𝑒 𝐴𝑑𝑑𝑒𝑑 𝑇𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒
 (1) 
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However, specifying when and how value is created is problematic (Browning et al. 2002). 

The value is created continuously, but it is realized when the output of the process is created. 

Additionally, in the research of Chase (2001) can be seen that measuring the value of the 

intermediate steps is very difficult. Even simple metric, percentage of completion of the 

process is difficult and inaccurate due to the human errors in estimating this percentage. 

(Chase 2001) Also, it is hard to capture value-added time and waste exactly. Thus, these 

values are approximated. (Tyagi et al. 2015; Oehmen & Rebentish 2010) 

 

In product development, value streams can be identified as in manufacturing. However, the 

difference is that the focus is on information and knowledge, when in manufacturing it is in 

parts and materials. In the research of Tyagi et al. (2015) was shown that increased value-

added time, reduction of waiting time and iterations were achieved by value stream mapping 

implementation in product development. (Tyagi et al. 2015) Moreover, Tuli & Shankar 

(2015) reported improvements in development costs, man hours and cycle times by applying 

the value stream mapping.  

 

5.2 Improving value of the product development process 

 

Identifying and incorporating the voice of the customer into product development might be 

challenging. By involving the customer to the product development process, it is possible to 

reduce the risk of making an unwanted product, focus on the right things and increase the 

development time. When the voice of the customer is identified and feedback from the 

customer considered in development, customer satisfaction increases. (Nordlund 2005, p. 9) 

The research of Kaulio (1998) shows that the customer should be involved in specification, 

concept development and prototyping phases.  

 

According to Oppenheim (2004), making a complex process flow is difficult. That requires 

for instance balancing the total work mount between workers, perfecting each process and 

making sure that every worker has a possibility to complete their tasks, timely and robust. 

Oppenheim proves that the key thing to success in flow, is “the ability to plan and parse the 

total work into tasks of equal duration, and small enough that each task becomes predictable 
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in terms of outcome, quality, effort and cycle time”. (Oppenheim 2004) In addition to that, 

the flow leads to reduction in lead time, work in progress and rework (Farahani & Buiyan 

2013). In order to make the process flow, all wastes should be eliminated. (Womack & Jones 

2005, p. 2; Womack & Jones 2003, p. 50-66) The 8 types of wastes that occur in product 

development are presented in the previous chapter. 

 

With an optimized flow efficiency, it is possible to reduce the time-to-market. (Modig & 

Åhlström 2013, p. 81) By shortening time-to-market, it is possible to increase profits and 

have cost-savings. By eliminating wastes of the process, time is released and can be used in 

value-added activities. Redeka (2013, p. 6, 11) is describing positive and negative impacts 

of TtM. If the TtM is slower than expected (figure 15) it effects negatively on managers 

setting targets for new product delivery. Usually, schedule and targets get more aggressive 

and tights. That leads overutilization of developers and they have reduced time for 

developing work. Hurry and tight schedules increase the technical risks and so on late design 

changes. Vice versa, if the TtM decreases (figure 16) it has a positive impact on capacity 

growth which allows for example balanced targets for developing work, and developer has 

increased time for their work. Also, quality and value creation increase. (Redeka 2013, p. 6, 

11) 

 

 

Figure 16. Consequences of time-to-market slower than expected (Radeka 2013, p. 6) 
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Figure 17. Consequences of decreased time-to-market (Redeka 2013, p. 11) 

 

 

Barriers and facilitators of the flow can be also viewed in the light of the queuing theory. 

Like that, it is possible to reveal the root causes of the wastes which usually caused by the 

system. (Morgan & Liker 2006, p.77, 81) The queuing theory and its basic tenants are well 

understood in manufacturing (Hopp & Spearman 2011). Morgan & Liker (2006, p.77) 

suggest using these four tenants to understand the fundamental waste in the product 

development.   

 

The four basic tenants of the queuing theory (Hopp & Spearman 2011) are the following: 

1. Law of batches: “Cycle time over a routing are roughly proportional to the (move) 

batch size used in the routing.” 

2. Law of variability placement: “Variability early in the routing has a greater impact 

on WIP and cycle times than equivalent variability later in the routing.” 

3. Law of utilization: “If a system increases utilization without making any other 

changes, average cycle time will increase in a highly nonlinear fashion.” 

4. Law of variability: “In steady state, increasing variability always increases average 

cycle times and WIP levels.” 

 

At first, the law of batches says that the bigger the batch size is, the longer its cycle time is. 

Traditionally, product development focuses on working in large batch sizes, usually due to 

the stage-gate or milestone-based product development process. (Morgan & Liker 2006, p. 
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77) In lean product development, decreasing the size of the work batches are in key position 

when making the process flow (Reinertsen 2009, p. 15; Mascitelli 2007, p. 27). The small 

batch size has an advantage of slash work in progress and speed up the feedback loop. 

Smaller batch sizes remove the variability of processing time, because of it have fewer thing 

that can go wrong. That leads to decreased cycle times, better quality and efficiency. 

Additionally, queuing time is directly proportional to batch size. (Thomke & Reinersten 

2012; Poppendieck & Poppendieck 2003, p. 76-81) 

 

The law of utilization describes the relationship between capacity utilization and lead time. 

Figure 18 illustrates that when using over 80 percent of the system’s capacity, the 

relationship is nonlinear and a small change in a system loading has a large impact on 

throughput time. Furthermore, the higher the level of variation is the more it exacerbates the 

effects of capacity utilization. (Hopp & Spearman 2011, p. 314-320) When resources are not 

highly utilized, they are able to react fast when some defects occur (Morgan & Liker 2006, 

p. 80-81).  

 

According to the law of variability and variability placement, without work-in-progress 

limits, the variability has an impact on the performance of the system. Increased variability 

will increase the cycle time and propagate more variability to downstream of the system. 

(Hopp & Spearman 2011, p. 318) However, due to the product development environment, 

variation occurs anyway. The earlier in the process the variation occurs, the more it effects 

through the process. (Farahani & Buiyan 2103; Morgan & Liker 2006, p.77)  
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Figure 18. Effect of overburdening capacity on development lead time (Poppendieck & 

Poppendieck 2003, p. 80) 

 

In addition, according to Little’s law (formula 2) the average lead time can be calculated as 

a ratio between average work in progress and average throughput. Thus, the lead time can 

be shortened by increasing the throughput, for example with new tools or working longer 

days. On the other hand, the lead time can be shortened by decreasing work in progress, 

meaning doing less in parallel. (Little & Graves 2008) On economical point of view, limiting 

the work in progress is better than increasing throughput in the other words system capacity 

(Farahani & Buiyan 2013). 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑟𝑒 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑜𝑟𝑘 𝑖𝑛 𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡
 (2)

    

Multitasking and its impacts in knowledge work efficiency have been studied a lot. Several 

studies show, that multitasking undermines work efficiency (Rubinstein et al. 2001). In 

product development environment, Mascitelli (2007, p. 27) address that no more than two 

major projects or three minor projects per developer in order to make the process flow. 

Work-in-progress (WIP) is the number of items that are work on by the team. According the 

study of Concas et al. (2013) is founded that limiting the WIP have an impact on cycle time 

and work efficiency. The WIP limit prevents task switching and multitasking and team 
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members can be focused on the task more. (Concas et al. 2013) Due to the highly variable 

environment, working only with one project might lead to long waiting times for the 

developer which is again waste. That said, too dedicated teams for one project can lead to 

waste. (Mascitelli 2007, p. 27) 

 

In product development, the importance of the feedback is significant. The feedback gives 

new information to designer and with that information they can do better choices and lowers 

risks of doing defect products. (Reinertsen 2009, p. 220-222) Additionally, fast feedback 

loop has some psychological benefits. According to Reinertsen & Shaeffer (2005) 

researchers, who use fast and powerful feedback loops, feel more in control and are more 

willing to take risks. This is because they rely on quick truncate on unproductive paths. 

(Reinertsen & Shaeffer 2005) 

 

According to Cai & Freiheit (2011a) product development process pull differs from 

manufacturing process pull. It should combine both pull and push system, because it is based 

on technology and innovation planning, as well as the stakeholder value motivation, as 

described in figure 19. In early stages of the development process, technology push is greater 

than customer pull. As the process progresses, the customer pull strengthens (Kim & Lee 

2009). Whit new technologies or when the customer does not yet know what they want, they 

cannot pull the value. Designers and engineers must try to understand customers and market 

needs as well as technical opportunities when planning new products and innovating 

concepts. That is the starting point of the value flow. After pushing the value forward, 

customer starts to pull the value in later stages, such as in testing where customer’s opinion 

is important. (Cai & Freiheit 2011a)  
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Figure 19. Manufacturing and product development pull systems differences (Cai & Freiheit 

2011a) 
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6 ANALYSIS OF THE PROCESS: CURRENT & FUTURE STATE 

 

The focus of the empirical part of the thesis is the case company’s product development 

process, done as a part of organization’s continuous improvement process. The research aims 

to identify value stream of the current product development process and identify the barriers, 

such as wastes and bottlenecks, which prevent the value creation. The barriers that are caused 

by the system or current ways of working are identified and discussed. Also, it is studied 

how the value creation could be improved. The scope of the research is the product 

development process from the decision to start a new product development project to mass 

production ability. 

 

This chapter presents the results of the interviews and the workshop. It starts with the case 

company introduction followed by current state analysis of the product development process. 

The current state analysis includes flow efficiency matrix and identified voice of the 

customer using the Kano-model presented in the previous chapter. What is more, the current 

state of the process is mapped using SIPOC and value stream mapping tools, also introduced 

in the literature review. Process lead time calculations are based on the workshop 

participants estimations. What is more, process wastes and bottlenecks and their root causes 

are identified by using pain frequency matrix, 5 whys and fishbone tools. Quantitative data 

collected from the case company’s database is used to support findings from the workshop. 

Data are related to previous product development projects, including 21 previous projects. 

 

Finally, the desired future state of the process is presented. The future state map is done as a 

part of the workshop. It presents the process from where the identified wastes and 

bottlenecks are eliminated and what changes should be made. New processing times and 

number of process steps are estimated and compared to the current situation. 

 

6.1 Case company introduction  

 

The case company of the thesis is manufacturing company operating globally, in over 100 

countries all over the world. The case company is working with the leading operations of 

electrical and automation technology. Since being a large organization, the case company is 
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dived in groups, divisions and business lines based on the industry. Figure 20 presents the 

organizational structure of the case company. 

 

 

Figure 20. Organizational structure of the case company 

 

This thesis focuses on one of the case company’s business lines. The business line consists 

of five product groups which are indirectly connected to the analysis as well. Chosen 

business line is responsible for designing, developing and manufacturing electrical products. 

It has roughly 6 000 employees located in several manufacturing sites in Europe, Asia and 

North America. The focus is on the business line’s product development process. 

 

Product development is on a project basis. The main functions involved in product 

development are product management, project management, research & design (R&D), 

marketing & sales, lifecycle services & support, manufacturing, supply management and 

product engineering & quality (PE&Q).  

 

Product development project’s business decision model used is a gate model. It is a 

modification of Cooper’s the Stage-Gate Model, including 7 gates. In a gate meeting, the 

project maturity and business cases are evaluated by the gate owner, project manager, gate 

accessor and functional managers. In the meeting, the decision to continue the project is 

made by the gate owner. Even though the gate model is used as a business decision 

framework, many of the employees think it as the same as product development process. 

Gates are sometimes passed even thought everything is not ready, due to strict cost and 
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schedule targets. That leads to situation, where problems are accumulated in the future and 

so on project delays. 

 

As can be seen in the case company’s data, product development projects are constantly late. 

Figure 21 presents the planned and accomplished schedule of the projects. The longer the 

project takes, the longer the product’s time to market is. Due to project delays and long 

durations, managers set aggressive targets for new product delivery. In addition to that, new 

projects are planned based on the gate schedules. When current gate schedules are not 

reliable, new projects are also late, before they even start. Tight schedules of the projects 

lead to general rush and overloaded workloads. Technical risk increases when development 

time is reduced. What is more, delays accumulate gate after gate. First gates are usually on 

time or delay is few weeks. However, the further the project go, the more delays occur.  

 

 

Figure 21. Duration of the projects, planned versus real 

 

 

 

 



44 

 

6.2 Flow efficiency 

 

In the figure 22, red dots present the case company’s employees view of the current state of 

the organization’s efficiency. As seen, the resource efficiency is considered in the middle 

level or above that. However, there are issues with resource planning and usually resources 

are missing. The common understanding is that the organization flow efficiency is poor. 

Initial thought is that organizational silos prevent the flow. Especially software development 

is separated from other disciplines. In addition, against lean and flow principles, quality is 

not good on the first go, things are done several times and projects are late. Green dots are 

the target, where it should be in the future. Common understanding is to aim to the perfect 

state. That requires especially focus on the flow efficiency. The current process flow 

efficiency is calculated in chapter process lead time analysis. 

 

 

Figure 22. Efficiency matrix of the case company 
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6.3 Voice of the customer 

 

The empirical research indicates that the case company’s product development and product 

management are currently far from the customer. The main contact to the customer is 

marketing & sales departments, who are communicating with the customer and relay the 

voice of the customer to the product management and so on to the product development. 

Hence, people involved to the product development project rarely knows the customer’s 

requirements or real needs. Another problem related to the voice of the customer is that same 

product has many customers with different needs. Usually, the case company is not selling 

the products directly to the end user but through different distribution channels.  

 

The figure 23 presents the Kano-model done for the case company. Results of the Kano-

model analysis are presented next.  

 

 

Figure 23. Kano-model analysis 

 

For internal customers, including for example production, sourcing and product 

management, identified must have’s are project management, different units cooperation and 

piloting. Currently, the project management is seen as unsatisfied low performance activity. 

A problem related to the project management is the organizational silos and cooperation 

between different units. The business lines are producing several different products, but in 
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most of them, both hardware and software are included. However, the software development 

department is working separately from other units. It occurs problems, if there is some 

problem in the software of the product and its fixing might take several days, because of 

software disciplines own working rhythm and schedules. Another must have is cooperation 

between production and product development. The situation is currently seen so that 

production does not get enough information of new product development projects and cannot 

be repaired for new products production. That occurs a lot of waste, for example waiting and 

rework. 

 

For external customer, must have’s are on time delivery, product size, competitive price and 

product according to standards and other specifics attributes related to the product. The 

customer expects to get the product, which is working correctly and according to standards, 

delivered on time. Moreover, more is better things are product reliability, ease of use, energy 

efficiency and a low environment footprint. In addition, some detailed product features are 

included to this. 

 

Internal more is better requirements are understanding market and customer needs. In 

addition to that, it is important to put the needs into product requirements. Currently, those 

activities performance is on a poor level. Piloting can be considered as must have 

requirement as well as more is better activity. A pilot project should produce valuable 

information to production and information of customer needs, production and forecasts but 

currently that is happening in very poor performance level. 

 

For the external customer, delighters are customer support, fast delivery, broad connectivity 

and low environmental footprint. Additionally, some detailed product features and new 

features for new products are included in this as well.  

 

6.4 Process mapping 

 

In the workshop, current state of the product development process was mapped using SIPOC 

and value stream map. The SIPOC aimed to identify the high-level activities, suppliers, 

customers, inputs and outputs of the process. The value stream aimed to identify the specific 
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process steps and tasks, including storages, transfers and approval points. What is more, 

wastes and bottlenecks and their root causes and customer value were identified. 

 

Figure 24 presents the case company’s product development SIPOC. The high level of the 

process is presented in five steps; develop a concept, design a product, do testing, do piloting 

and ramp-up production.  

 

 

Figure 24. Product development SIPOC 

 

The value stream of the process is identified by using Shingo value stream mapping (Shingo 

1989). Suppliers and inputs are on the left, outputs and customers on the right. In the between 

of the inputs and outputs is the process. Legend for different sticky notes is following; blue 

is representing processing, pink stands for inspection or decision point, yellow is for transfer, 

for instance transferring to someone else for processing or decision, sending an email or 

informing others and orange is a storage, database of physical. Wastes and bottlenecks are 

marked with orange arrows and their root causes with light red strings. Pink hearts are 

representing the value to the customer, marked in the tasks that really add value to the 

customer.  
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Figure 25 below presents the current state value stream map. 

 

 

Figure 25. The current state value stream map 

 

Suppliers and inputs 

 

Seven different suppliers of the product development process are product management, 

project management, chief engineer or architecture, designers, portfolio management, 

support functions and customer & target market. Product management supplies project 

requirements specification which is the base for the new product development project. Input 

of the project management is project plan and scope. Product technical specifications comes 

from chief engineer, architecture and designers, so do feasibility study, lessons learned and 

feedback from previous projects. In addition, support functions supply lessons learned and 

feedback. Portfolio management gives the input of prioritization. Finally, market 

requirement specification comes from customer or target market.   

 

Develop a concept 

 

The concepting phase starts with preparation of alternative concept proposals. These are 

saved to organization’s database and then feedback is asked from the stakeholders. Based on 

the feedbacks, concept proposals are refined and again saved. After that comes the first 

decision point, where a winning concept is selected. The winning concept is saved, and 

feedback is asked form the stakeholders. Again, based on the stakeholders’ feedback, the 
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winning concept is selected and approved. Documents are stored into database and concept 

is transferred to the design team. 

 

At the first phase, concept development, it is important to hear the customer voice and 

concept the product according to customer needs. Market and customer needs come currently 

from marketing & sales unit.  That reduces the risk of developing an unwanted product. 

 

Design a product 

 

Design phase starts with a detailed level design of the product, followed by a decision point 

and review of design. Data are saved to database. After that, design documents are approved. 

After approving, a list of the product components is sent to sourcing via email. In addition, 

production is informed for upcoming proto assembly. Last task of this phase is to order proto 

parts.  

 

The design phase created value both internal and external customer. The product is designed 

for the customer, according to customer needs and requirements. In addition, design data are 

valuable information for PE&Q, OBE and sourcing in their future process activities. 

 

Do testing 

 

The first part of the testing phase is proto assembly, followed by review of the proto with 

R&D, production and PE&Q. When that is done, test place is repaired, and testing and 

reporting is done. Test data and reports are saved to database. Tests are reviewed in the 

inspection point. Test reports are approved, and redesign done if needed. Last step of the 

phase is review of the gate.  

 

The testing phase ensures that the product quality to the end customer. In addition, it gives 

a license to operate, which is internal value.  
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Do piloting 

 

Piloting phase starts, when a pilot project is offered to the customer. Documents related to 

that are done and saved to database. When the order is got from the customer, pilot project 

delivery is approved and again data are saved in to the database. After that, the pilot project 

order is booked, and production is informed about that. Needed project documents are done 

and saved to database, for example a bill of materials (BOM) is included to that. Then, 

production order is released, and production and testing are started. The pilot project is 

reviewed, and data saved. All changes to the product in the piloting phase are done according 

to the change process.  

 

Piloting focuses on creating value to the end customer. With pilot projects can be ensured 

that customer needs are fulfilled and get direct feedback from the customer. Moreover, 

testing in the piloting phase aims to find all the defects of the product and production at the 

early phase. The sooner the defects are found, the easier they are to fix.   

 

Ramp up production 

 

Finally, the last phase of the process is production ramp-up. It starts with creation of ramp-

up plan, sales configuration and prices service tool. All that data are saved to database. Data 

are uploaded to the used sales tools.  After that, there are an inspection point for verifying 

sales tools and systems. Then, configurations for production are created and data saved into 

the database. Product structure and materials are received from earlier phase of the process. 

That is followed by creation of location for materials and logistic concept as well as working 

instructions. Data are saved to database. Manufacturability is verified and feedback from the 

design for manufacturing is received. Last decision point is for confirming mass production 

readiness. After that forecast of the production is created and the mass production can be 

started.  

 

The production ramp-up phase enables sales with the sales tools. Internally, valuable are 

working instructions for production. Finally, it ensures that product is ready for the mass 

production and production can be started. 
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 Customers and outputs 

 

Customers of the process can be dived in internal and external customers. The external 

customers are in this case distribution channels or final users. In addition, internal sales unit 

can be considered as an external customer. The internal customers are marketing & sales 

unit, production, service, product and project management, sourcing & purchasing unit, 

order-based engineer and product engineer & quality. Final output of the process is the 

product or the service for the end customer or local sales unit customer. Moreover, price lists 

are produced for the local sales units. The process produces catalogues and sales tools for 

marketing & sales, BOM’s and product structures, work instructions, trainings and spare part 

list for the production and service. For product management, the outputs are product data 

and user documentation. For sourcing & purchasing, product drawings, documentation and 

forecasts are produced. Product configuration and design data are for OBE, product 

handover and ownership for PE&Q. For the project management, the output of the process 

are project documentary and lessons learned.  

 

6.5 Process lead time analysis 

 

Process lead time analysis was done as a part of the workshop. The following quantitative 

data are based on the workshop participants estimations and experience. Also, the following 

assumptions were made. The case company is working in one shift; hence one working day 

is counted as 7,5 hours. Processing time is the time used for process activities. Because the 

process lead time is long, all processing time is considered as value-added time. Process lead 

time is the real throughput time to the customer, so one day is 24 hours. One calendar month 

includes 20 working days.  

 

The process lead time was estimated to be currently around 600 days, which is roughly 1,5 

year. That is the calendar time, the time that customer is waiting for the value, in this case 

the product. Processing time is around 3 150h which means 420 working days. The flow 

efficiency was 22%.  
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Based on the case company’s archived project data, projects time to market is from 260 days 

to 1 500 days, average 720 days. All projects in the scope were released later than planned, 

in average, the delay is 270 days. In the table 7 is listed the number of the process steps and 

their processing and lead times. The number process steps are result from the value stream 

map. Moreover, process flow efficiency was calculated for every process activity and finally 

for the whole process. 

 

Table 7. Current process 

 Develop a 

concept 

Design a 

product 

Do 

testing 

Do 

piloting 

Ramp up 

production 

Total 

Total number 

of steps 

12 7 9 18 17 62 

Number of 

tasks 

3 3 6 10 9 31 

Number of 

storages 

4 1 1 6 3 15 

Number of 

transfers 

3 2 0 0 2 17 

Number of 

inspections 

2 1 2 2 3 9 

Processing 

time (hours) 

340 772 959 356 726 3155 

Processing 

time (days) 

45 103 128 48 82-97 420 

Lead time 

(hours) 

1812 3432 4260 2640 2352 14496 

Lead time 

(days) 

76 143 178 110 98 604 

Flow 

efficiency 

19% 22% 23% 13% 31% 22% 

Waste 81% 78% 77% 87% 69% 78% 
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6.6 Identified wastes and bottlenecks 

 

In the workshop, eight different wastes and bottlenecks were identified. The identified 

wastes and bottlenecks are requirements changes, lack of resources, limited testing capacity, 

too early piloting/lots of design changes after piloting, missing pilot project management, 

sales tool not working, redesign for manufacturability and organizational silos. To identify 

root causes, lean tools 5 whys and fishbone were used. These wastes and their root causes 

are presented next. 

 

Wastes are identified and prioritized using pain and frequency matrix (figure 26). The matrix 

helps to evaluate waste and bottle necks by them occur frequency and impact on the process. 

High priority pains are in the upper right corner, where the issue occurs a lot of pain 

frequently. Low priority pains are on lower left corner, where the frequency and pain are 

both in low level. 

 

 

Figure 26. Wastes prioritization 
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1. Requirements change 

 

Product requirements, which are the process inputs, are missing or changing during the 

project. Problem is, that product specifications are not finalized at the beginning of the 

project. If the customer wants a new feature or has a new requirement during the projects, 

and it is allowed, that increases the work load. Usually, design work does not have to start 

completely over, but still some rework is needed. This again leads to schedule delays. If the 

specification changes or there is a defect on design when the production is already in 

progress, materials are scrapped. That is waste of money. In addition to that, it was noticed 

that usually the number of new requirements is increasing before gate 5, when the product 

should be ready for the release.  

 

Requirements may change due to a new customer, a new competitor or a new product 

management. The new customer might have different needs or requirements and the ongoing 

project tries to meet those needs by changing products requirements or new project is started. 

New needs of the customer come from for example new technical application, market trends 

or legislation. The product requirements might also change due to the competitor’s new 

product. If the competitor’s product is more attractive, own product’s customer value is 

reduced. However, when new product features or requirements are allowed, but the schedule 

and other resources are same. If the new features or requirements are allowed. 

 

2. Lack of resources 

 

Employee resources are missing. Lack of resources is due to too many parallel, ongoing 

projects and extra unplanned work. The extra unplanned work is caused by defects and its 

rework for example. Projects are done parallel because they are starting by a command form 

management, without proper study done. That means that the management push is stronger 

than pull of the customers or employees. Same resources are used in many projects at the 

same time.  

 

Extra unplanned work leads to increased workloads. Also, designers point out that tight 

project schedules lead to general rush of working and workload increases before gate 
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reviews. Then utilization is over 100%. However, not all problems cannot be known in 

advanced. Problems lead to uneven workload but still extra unplanned work might come 

from late feedback. Currently, the feedback comes late, because of inefficient piloting 

process and feedback loop is weak. 

 

3. Limited testing capacity 

 

One of the biggest bottlenecks identified in the process is the testing phase because of lack 

of the testing capacity. That occurs a lot of waiting. The testing capacity is limited by the 

testing spaces and equipment. Lately, the product offering of the case company has grown 

and when doing many projects parallel, there is not enough test places. Moreover, projects 

and product testing are not prioritized. Also, testing resources are missing. The company is 

using a lot of part time employees who do not always have a core competence to do the 

testing.  

 

4. Too early piloting/ lots of design changes after piloting 

 

The piloting phase is one bottleneck of the process itself. It creates a lot of waste, when 

things are not done correctly at the first time and rework is needed. At first, collecting 

feedback from the customers in pilot project is on a very poor level, usually not happening 

at all. The whole piloting is waste, is the feedback from the customer is not collected or 

exploited. In addition, there are issues with piloting documentation and forecasting. 

 

5. Pilot project management missing 

 

Currently, pilot project management is missing. There is no resource assigned or no 

dedicated resources available. This problem is strongly related to the previous one.  

 

6. Tools are not working 

 

One aspect that slower the workflow and adds waste in the process is used tools and IT 

systems, for example sales tools. There are a lot of different systems in use. Most of them 
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are working slowly, unlogic and are crashing. For instance, the change process in the case 

company is heavy and bureaucratic. Making only a small change takes a lot of time and is 

hard. Documentation and time spent to it should be on its minimum. 

 

7. Redesign for manufacturability 

 

Waste is redesign for manufacturability. It means, that product design is changes based on 

the feedbacks from production. The designed product is not good for manufacturing. That 

causes a lot of rework, which is pure waste. Things are not done correctly at the first time. 

Rework is caused, because production and designers’ cooperation is not working or there is 

not any. The final design comes very late to production and necessary data from proto 

meetings is not collected.  

 

8. Organizational silos 

 

Organizational silos and poor level of cooperation between different units causes wastes in 

the process, mainly information loss and waiting. Previous mentioned, redesign for 

manufacturability is due to weak production involvement. Additionally, the case company’s 

software development is siloed from the other development activities. In practice that means 

that fixing problem in the software might take a lot of time and they are releasing features 

and products regarding their own schedule, which is not always match to hardware release 

schedule. 

 

6.7 Future state 

 

In the workshop, future state map was made, based on the brainstorming among the 

participants. The goal of the future state map was to eliminate all the identified wastes and 

bottlenecks of the process. What is more, needed changes and actions to achieve the future 

state map were brainstormed and are presented in the following chapters. Figure 27 presents 

the future state value stream map. 
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In the workshop, it was recognized that average process lead time is possible to reduce by 

170 days which is 30% reduction. That is almost a half of the year. To achieve that, all the 

identified wastes and bottlenecks should be eliminated. Shorter time to market increases the 

value to the customer and value-add capacity will be released by eliminating the wastes of 

the process 

 

 

Figure 27. The future state value stream map 

 

Develop a concept 

 

The ideal concepting phase is started with sharing of the project specification with a 

reference group. After that, the specification is reviewed with the reference group and needed 

updated based on the feedback is done. After that comes the second decision point, where 

the specification is confirmed and updated. Then, an architect creates product concept based 

on that project specification. Again, the concept it reviewed and approved by the internal 

stakeholders and external customer. Finally, specification data are created and stored to 

database.  

 

Approval and decision points are added in the concepting phase. These are done to validate 

the product concept and thus also the customer value. Also, customers are involved strongly. 

It is suggesting establishing a reference group to review inputs and outputs systematically. 

In addition, a nominated architect is needed to define concepts. 
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Design a product 

 

The design phase is started with review and approval of the product specification and 

requirements. That is done with the customer. This decision point is for the specification 

freeze. After that, detailed level design of the product is started. When the design is ready, it 

is validated with the customer. That is followed by a review of the design and data are saved 

to the database. Then, sourcing is informed about new components and production for 

upcoming proto assembly. Last step is ordering the parts of the proto. 

 

In the designing phase, specification freeze and reviews with the customer should be done. 

That would prevent the amount of rework and ensure that everyone know what they are 

doing, and they are doing the right things.  

 

In addition to that, some changes in used tools are needed. As said, the current change 

management process is heavy and so is used tool for that. Change to the product should be 

done more agile. Also, a new tool for requirements management is needed.  

 

Do testing 

 

The first thing in the testing phase is assembly of small protos, which are reviewed. After 

that, testing place is prepared and needed test reports done. All the test data and reports are 

saved to the database. That is followed by an inspection point, where tests are reviewed and 

approved. Needed redesign is done before the gate meeting.  

 

There is one major bottleneck in the process in the testing phase. That bottleneck could be 

eliminated by adding testing places and resources. Smaller protos would also help testing 

resources and make testing more efficient. Additionally, feedback loop would become faster. 

To add testing capability, more resources are needed. New tools, more testing equipment or 

automatic ones are needed as well as more professional test engineers and approval 

engineers.  
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Do piloting 

 

The piloting is started with defining piloting plan and scope. Pilot customer are contacted 

for the pilot kick off. Then pilot units are created and delivered to the pilot customers. After 

that, feedback is collected from the customers and it is reviewed. Since the customer is 

involved and feedback collected, this phase takes time and waiting. However, all that waiting 

is not waste since is created valuable feedback from the customers. 

 

The piloting phase needs a lot of changes in order to make it flow. In this new process, the 

customer is involved more in the pilot projects and feedback is collected systematically.  

In addition, a new owner for piloting projects is needed. Also, there is a need for a new tool 

to collect pilots. To make the work efficient, project should be prioritized more and keep the 

focus one the main project and do fewer parallel projects.  

 

Ramp up production 

 

The last phase, production ramp-up, is started with a creation of the ramp-up plan. In addition 

to that, sales configuration and sales tool are created. All data are saved to the data base. 

Then, purchasing is started and locations in the production are assigned. When materials are 

received, configuration for the production is created. Again, data are saved to the database 

and product data are approved. Product data and BOM are shared with involved stakeholders 

and work instructions are done. Manufacturability is verified and feedback about the 

manufacturability and assembly is collected. Last inspection point is BOM’s and work 

instructions verification. After that, the mass production ability is achieved, and production 

can be started. 

 

Problems in the production ramp-up phase are mainly related to used tools. There is currently 

many tools in use and sometimes difficulties to find the right information. This can be 

eliminated by new sales tool and with one single source for collecting data to that tool. In 

addition, sharing product data could have been done electronically.  
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6.8 Future state process lead time analysis 

 

Table 8 summarized the future state process times and steps. The numbers were estimated 

and calculated based on the workshop participants experience and assumptions. The number 

process steps are also result from the future state map. To achieve the mentioned time 

savings, suggested improvements should be applied. In the future state, the process lead time 

was estimated to be 430 days. Processing time is around 2 100 hours which means 280 

working days. The flow efficiency was 20%.  

 

Table 8. Future state map 

 Develop a 

concept 

Design a 

product 

Do 

testing 

Do 

piloting 

Ramp up 

production 

Total 

Total number of 

steps 

8 9 9 7 19 52 

Number of tasks 2 4 5 4 12 27 

Number of storages 1 1 1 0 5 8 

Number of transfers 2 2 0 2 0 6 

Number of 

inspections 

3 2 3 1 2 11 

Processing time 

(hours) 

180 780 713 188 233 2094 

Processing time 

(days) 

24 104 95 25 31 279 

Lead time (hours) 624 3456 3144 2640 458 10322 

Lead time (days) 26 144 131 110 19 430 

Flow efficiency 29% 23% 23% 7% 51% 20% 

Waste 71% 77% 77% 93% 49% 80% 

 

If the suggested changes in the process were made, it was estimated by the workshop 

participants that the average process lead time would be reduced by 170 days. It means, that 

final customer would get the product approximately half year sooner than currently. 
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Employees processing time would decrease 174 days, which means almost 9 months of full-

time work. Both reductions would be around 30% of the current state. 

 

In the future state, the process flow efficiency would be decreased by 2%. At the same time 

as the wastes are eliminated and lead time is shortened, also processing time is reduced. It 

means that in the future state there are less waste but also less value-added worktime needed. 

Improvements in processing and lead time are significant. In this process, the flow efficiency 

is not the best metric, time to market could be better. According to the future process map, 

the total number of process activities would be reduced by 16%. Also, number of transfers 

would be reduced by 14%. The number of storages would be reduced almost by half.  The 

number of inspection points would be increased 22%. There were added decision points in 

the concepting phase hence the customer value can be validated and make sure that this is 

right product and according to the customer needs. Table 9 below summarizes both current 

and future process steps and times, as well as changes.  

 

Table 9. Summary of changes 

 Current Future Change Change % 

Total number of steps 62 52 - 10 - 16% 

Number of tasks 31 27 - 4 - 13% 

Number of storages 15 8 - 7 - 47% 

Number of transfers 17 6 - 1 - 14% 

Number of inspections/approvals 9 11 + 2 + 22% 

Processing time (hours) 3 153 2 094 - 1 059 - 34% 

Lead time (hours) 14 496 10 322 - 4 174 - 29% 

Processing time (days) 420 279 - 141 - 34% 

Lead time (days) 604 430 - 174 - 29% 

Flow efficiency 22% 20% -2% - 

Waste 78% 80% +2% - 
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7 RECOMMENDATIONS  

 

This chapter aims to answers to the research question and give recommendations. First, how 

the value is defined and how well it is understood in the case company is discussed. The 

second chapter focuses on the metrics presented in the literature review and how they would 

be adapted in the case company’s product development process. At last, recommendations 

for improved value creation are made. Table 10 below presents the research questions.  

 

Table 10. Research questions 

Research question Objective 

How the product development 

process creates value? 

To quantify the competitiveness of the product 

development process.  

How the value is defined in the 

product development process? 

To identify the main elements that have impacts 

on value creation. 

How the value creation could 

be measured? 

To identify product development process value 

metrics. 

How the value creation could 

be improved? 

To identify potential improvement areas and give 

recommendations for improved value creation. 

 

7.1 Value creation in product development process 

 

Basic idea of lean management philosophy is to maximize the value provided to the 

customer. That value can be maximized by eliminating all wastes of the process. The value 

should be defined from the customer perspective. (Womack & Jones 2003) What is value 

and how it is created is complicated and not well understood in the case company. There can 

be found several definitions of product development value in the literature. According to 

lean product development principles, value is created, if the product is wanted and provided 

at the right time (Womack & Jones 2003). Thus, the value creation is focused on the 

customer needs and product requirements and process lead time.  

 

The voice of the customer was studied in the research. The case company’s product 

development process has several different customers, both internals and externals. Internal 



63 

 

customers are marketing & sales unit, production, service, product and project management, 

sourcing & purchasing unit, order-based engineer (OBE) and product engineer & quality 

(PE&Q). External customers are the product’s final users but also distribution channels and 

local sales units. 

 

Foundation of the product development and its value creation is meeting customers’ needs 

and requirements and providing benefits. (Rainey 2005, p. 37). To fulfill the value 

proposition and meet the customer needs, the importance of the process inputs related quality 

of activities is significant. Identifying the needs of the customer and market is identified one 

of the critical success factors of the product development. (Van Kleff et al. 2005) Even if the 

process was 100% value-adding, if it is done with wrong inputs, value is not created and 

used resources are wasted. (Browning 2003; Ring 2001) It was identified, that in the case 

company, changing or missing requirement are problems, that cause high pain and repeated 

frequently. Product development project is failed, if the developed product does not meet the 

customer’s requirements. Then, all activities and resources are wasted. 

 

According to the literature review, the primary output of the product development process is 

information. (León & Farris 2011; Welo 2011; Mascitelli 2007) The research study 

identified, that for the external customer, the primary output of the process is the developed 

product or service. What is more, the process produces information for internal customers, 

for example product’s technical documentation, including BOM, spare part list, product’s 

drawings and design data. Project documentary and lessons learned are also the output of 

the process.  

 

From this can be concluded that a significant part of the process value is created by 

understanding customer needs and putting them into product requirements. Then, the product 

should be designed according to those requirements and delivered to the customer when it 

is needed, with the minimum costs. According to Schilling & Hill (1998) successful product 

development meets two critical objectives, maximizing the fit with customer needs and 

minimizing the time to market.  
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7.2 Value creation metrics  

 

Currently, the value creation of the product development process is not well measured. There 

cannot be found one, clear metric from the literature, but literature review supports five 

different metrics suitable for case company’s value measuring (table 6). The metrics are 

time-to-market, value-adding process activities, value creation performance, TPM (technical 

performance measure) uncertainty and process flow efficiency.  

 

Time-to-market (TtM) is a classic process metric (Maylor 2001). In program completion, 

value is created when activities are completed. The weakness of this metrics is that maybe 

not every process activity creates same amount of value. In addition, if the concept is created 

poorly, the following process activities does not create value. The value creation is focused 

on the first process activities, and requirements and concepting ensures customer value 

creation maximization. Hence, those should be emphasized in the value creation metric. 

 

TtM is currently measured in the case company. In the scope of the research study is the 

product development process from the decision to start the process to the ability of mass 

production. Projects’ schedules and planning of the future projects is based on the gate 

schedules. The quantitative research (figure 21) show, that projects are constantly late and 

new projects are planned based on the gate schedules. What is more, gates are sometimes 

passed even thought everything is not ready, due to strict cost and schedule targets. That 

leads to situation, where problems are accumulated in the future and so on project delays. 

 

Due to project delays and long durations, managers set aggressive targets for new product 

delivery. When current gate schedules are not reliable, new projects are also late, before they 

even start. Tight schedules of the projects lead to general rush and overloaded workloads. 

Technical risk increases when development time is reduced (Redeka 2013, p. 6, 11).  

 

Second value metric is value-adding process activities, done with the value stream map. It is 

a subjective metric and value is direct value to the customer. The process should have only 

activities and tasks, that enable the quality of value creation and wastes should be eliminated. 
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(Rother & Shook 2009). Weakness of the value adding activities is that it is a subjective 

metric. However, if the value and value-added tasks are defined precisely, it would work.  

 

The value stream mapping was made as a part of the research study. The value stream map 

identified the value-adding activities, wastes, bottlenecks and root causes of the current 

product development process. The value stream map future state aimed to eliminate all 

wastes and their root causes, and process lead time was decreased. 

 

Third tool for validating the value is Kano-model, used for measuring organization’s 

performance in value creation activities and identifying the voice of the customer. Kano-

model is tool used for better understanding and identification of the customer needs. It 

classified the voice of the customer in three categories; must have, more is better and 

delighter requirements. It makes the organizations performance in different areas visible and 

helps in prioritization in trade-off situations. (Gupta & Shri 2018).  

 

Kano-model analysis was made as a part of the research study. The voice of the customer, 

both external and internal customer, were identified as well as the case company’s 

performance related to these topics. External must have-requirements are on time delivery 

and product according to standards. The case company is performing well of developing 

products according to standards but performance of on time delivery is lower. According to 

the lean definition of value, the product should be delivered on the right time (Womack & 

Jones 2003). Many detailed product features and attributes are related to the more is better-

requirements. Understanding the customer and market needs was identified to be in poor 

performance level. Foundation of product development and value creation is meeting 

customers’ needs and requirements. (Rainey 2005, p. 37)  

 

Internally, identified must have-requirements and biggest pain points are project 

management, cooperation between different units and piloting, which are all poor 

performance level. Inefficient project management and internal cooperation causes for 

example a lot of rework. What is more, current piloting process is not working, and it causes 

a lot waste too.    
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The fourth value metric suggested is the risk value method. Value is defined as performance 

risks. So, the risk of making an unwanted product is reduced by resource expended. If the 

risk is not reduced on one process activity, it does not create any value. Valuable information 

reduced the risk and creates value. Risk is reduced by resource expended. (McManus 2005; 

Chase 2001) The metric emphasizes the role of the process inputs, in this case customer and 

market needs and requirements. Even 100% value-adding process activity cannot create high 

quality results if its inputs are poor quality. (Ring 2001; Browning 2003) If the product is 

done with wrong inputs, the result is a product that does not meet the customer requirements, 

and nobody wants to buy it. Then all resources used are wasted. 

 

The research study implied that the product development process deals with uncertainty and 

problem solving. Thus, implementation of the risk value method would be beneficial for the 

case company. That model emphasizes the role of the information in the value creation. 

 

The last value metric suggested is the process flow efficiency. The process flow efficiency 

focuses on minimizing process’s value creation by minimizing the total lead time of the 

process. The process cycle efficiency is calculated process value-added time divided by the 

process total lead time. (George et al. 2005, p. 201) 

 

The research study showed that in the current product development process, the value does 

not flow as it could. The process flow efficiency was calculated to be 20%. This calculation 

was based on the quantitative research and both processing times and total process lead times 

were estimated. However, in the future state map the process flow efficiency decreased 2%. 

That shows, process flow efficiency is not the best metric for the product development 

process. Process lead time is long, months and years, so working time is used for other 

activities too. What is more, waiting is required for example in piloting phase, where the 

customer is testing and giving feedback on the product. All that waiting time cannot be 

eliminated and the customer feedback in turn improves the value creation. Although the 

efficiency decreased, potential time savings both in processing time and lead time were 

founded. Shortened process lead time is significant in value creation.  
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The literature review supports the fact that specifying when and how value is created is 

problematic (Browning et al. 2002). The value is created continuously, but it is realized when 

the output of the process is created. Additionally, in the research show that measuring the 

value of the intermediate steps is very difficult. Even simple metric, percentage of 

completion of the process is difficult and inaccurate due to the human errors in estimating 

this percentage. (Chase 2001) Also, it is hard to capture value-added time and waste exactly. 

Thus, these values are approximated. (Tyagi et al. 2015; Oehmen & Rebentish 2010) 

 

7.3 Recommendations for improved value creation 

 

Recommendations for improved value creation are suggested based on the previously 

presented value metrics. Understanding the customer and market needs and translating them 

into product requirements, is a big part of the value creation (Wang et al. 2012). When wastes 

of the process are eliminated, more value-add capacity is released. That also decreases the 

process lead time and improves the value creation (George et al. 2005, p. 201) 

 

Voice of the customer 

 

In the figure 28, it is presented the outcomes of identifying the voice of the customer. In 

product development, the role of the voice of the customer is significant. By identifying the 

voice of the customer, it is possible to increase the quality of product requirements. This in 

turn decreases the risk of making an unwanted product. If the developed product is 

unwanted, then all time and resources used are wasted. (Browning et al. 2002) Also, by 

identifying the voice of the customer and understanding the customer requirements better 

than competitors, that result in greater revenue (Saeed et al. 2013). 
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Figure 28. Outcomes of identifying the voice of the customer 

 

The research study implied that the customer requirements are not well defined in the in the 

product development. Also, the performance of understanding the customer and market 

needs is on a poor level. A frequent and painful problem is that requirements are missing or 

changing during the project. The problem with the voice of the customer is several different 

customers which have different needs. Mainly the products are sold by different distribution 

channels, and there cannot be found direct contact to the product’s end user.  

 

To improve the communication with the customer and identifying its needs and translating 

them into product requirements, it is suggested to ensure the voice of the customer in product 

development by bringing sales, product management and product development closer to 

each other in day to day practices. Especially in the concept development and prototyping 

phases, the customer should be involved (Kaulio 1998). Involving the customer also helps 

to prevent wastes in the future process steps, for example the risk of making a product which 

is not meet the customer requirements is decreasing. It ensures that process activities really 

add value to the customer. That also decreases the development time and number of changing 

requirements and redesign decreases.  

 

It is suggested to ensure right customer’s needs and expectations compared to what will been 

or is developed. Also, early piloting and testing should be done in collaboration with the 

customer. When doing piloting projects, the customer should be aware of that. For best 

results, feedback should be asked continuously, and changes made based on that. At last, 

customer acceptance before starting mass production is needed. 
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To communicate with the customer, it is recommended to have a reference group, people 

collected from key customer project specification and product concept would be shared and 

commented. What is more, the concepting phase needs additional decision and approval 

point. By that can be verified that the concept is according to the customer needs. With 

verified concept, number of requirements changes during the project should be on its 

minimum. 

 

Waste elimination  

 

Figure 29 presents the outcomes of the process waste elimination. By eliminating process 

wastes it is possible to shorten the process lead time and the customer will get the product 

faster (George et al. 2005, p. 201). In addition, by eliminating wastes of the process, capacity 

is released, and it can be used in value-adding activities (Womack & Jones 2003, p. 37-49). 

The research study aimed to reduce the process lead time by eliminating wastes. That was 

done by using the value stream mapping.  

 

 

Figure 29. Outcomes of the waste elimination 

 

The main identified wastes of the case company’s product development process are waiting 

for approvals and decision as well as waiting for the resources, both employees and 

equipment. There are issues with communication and cooperation between different units. 

IT systems also causes problems, waiting and motion. What is more, one of the biggest 
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wastes is defective products and rework. These are due to the above-mentioned wastes but 

also due to the poor requirements and concepting management.  

 

Total number of design changes should be on its minimum. When redesign for 

manufacturability is done, it is always waste occurred from rework and defect products. 

More efficient cooperation and communication help to prevent this. Also, if the changes are 

done due to the incorrect product specification or it is design defect, it is waste. However, if 

the design changes are done at the customer’s request it might be considered as value-add 

activity.  

 

Improving the process flow efficiency can be also done by applying the queuing theory. 

Literature review presents that applying queuing theory in product development process, it 

is possible to reveal the root causes of the wastes which usually caused by the system. 

(Morgan & Liker 2006, p.77, 81) 

 

One identified bottleneck of the process was missing resources. It means that the value is 

waiting for the resource and not the other way around, as it should be according to lean 

thinking (Modig & Åhlström 2013, p. 7). Missing resources are related to both employees 

and equipment. Missing resources are mainly due to many parallel projects or extra 

unplanned work. To improve that, basic tenants of queuing theory should be applied.  

 

Utilization and number of work-in-progress tasks should be limited. Resource utilization 

should be around 60-70%. Utilization above that increases the process throughput time 

nonlinearly. (Hopp & Spearman 2011, p. 314-320) When resources are not maximize 

utilized, they are able to react fast to defects (Morgan & Liker 2006, p. 80-81). That would 

eliminate the problems and delays caused by extra unplanned work. The current percent of 

the resource utilization is not measured, but the research implied that especially before gate 

meetings it is over 100%. Moreover, when workload decreases, employees can work in less 

hurry and stress and so on do less waste and more quality. According to Mascitelli (2007, p. 

27) the number of parallel projects should be limited in two major projects or three minor 

projects per developer in order to make the process flow. 
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Resources are allocated by the management before the process start. Resource allocation 

does not consider changing requirements during the projects. If the requirements change, 

also extensions or changes to resources, schedules and budget should be done. In ideal 

project, requirements are not changing during the projects, but they are verified in the early 

phase of concepting as suggested in value chapter. In addition, management should consider 

the law of utilization when allocating resources. 

 

Another, frequent and painful problem identified related to the resources is testing and its 

capacity. The problem is the lack of testing capacity due to the testing infra and resources. 

There are not enough testing places nor employees with core competence. In order to make 

it work, testing should be done in smaller batches. According to the law of batches, the 

smaller the batch size is the shorter it cycle time is (Morgan & Liker 2006, p. 77). Relation 

is directly proportional (Poppendieck & Poppendieck 2003, p. 76-81). That also has an 

impact on the speed of the feedback loop and lowers the risk of making defects product. A 

speed up feedback loop help to notice potential defects at the early phase and so eliminate 

wastes (Reinertsen 2009, p. 220-222). When the testing capacity is overutilized, new 

machines are needed, or test projects needs to be prioritized. For that prioritization, Kano-

model used before is a good tool (Matzler & Hinterhuber 1998).  

 

Waste is occurred, when same activity is done several times. It should be done correctly at 

the first time. (Kilpatrick 2003) A general problem in the case company is that things are not 

done correctly at the first time. One identified waste was redesign for manufacturability. 

Developed product needs redesign because it is not suitable for production, for example 

materials, tools or manufacturability. That is happened, because production is involved in 

the process too late. The final design of the product comes to production very late and 

necessary data from proto meetings is not collected. Then, the product design is fixed and 

changed based on the feedbacks from production. That waste could be eliminated by 

involving production to the development process and ask their feedback for 

manufacturability in the earlier phases. Again, with speedup feedback loop is used for 

reducing risk of making a defect or wrong product. 
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Current product development process is not using the pull system. New projects are started 

by command from management, which lead for example lack of resources and so on 

increased time to market. In addition, new projects are pushed parallel. As said before, the 

same resources are used in many projects at the same time. The management push is stronger 

than pull of the customers or employees. In the product development, at the early stages of 

the process, technology push should be greater than customer pull. It means that in early 

phases of the process, engineers should try to understand market and customer needs when 

creating new product’s concept. Push is needed, because customers might not know what 

they want or understand new technologies. (Cai & Freiheit 2011a) 

 

When pull system is applied in the product development process, new products are done for 

a demand and at the right time. Next process step is the customer, and the right information 

should be provided when it is needed. Also, pull helps to eliminate waste and optimize 

process activities, so it helps the process to flow more efficient. For designers, pull system 

means that they can start doing next task when they have the capacity. This helps to manage 

workloads and utilization, by default that work-in-progress limits are set. Moreover, in pull 

system, tasks prioritization is important. When the designer has a capacity to start new task, 

she or he must know which tasks should be started next. With the pull system, designers’ 

productivity and flow efficiency increases. (Cai & Freiheit 2011a) 
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8 CONCLUSIONS 

 

The aim of the thesis was to study the value creation in product development process. 

Additionally, it was studied how the value creation could be measured and improved. The 

thesis consists of theoretical literature review and empirical research study. The research 

study aimed to provide valuable information to the research questions and objectives. The 

research was conducted as a cross-sectional case study, where both qualitative and 

quantitative research methods were used. Used data collection methods were interviews, 

workshop and use of the case company’s archived data. 

 

For most of the organizations, the ability of identifying the needs of the customers and create 

quickly with low costs products that meet the needs is the key for economic success. Also, 

today’s technologically driven, highly competitive world requires fast and efficient product 

development from organizations. Product development deals with complex problems, 

problem solving and knowledge creation. Several studies have found that the lean 

methodology is the most efficient method for flexible delivery of quality products in the 

shortest possible time and at minimum costs. The core of the lean is to maximize customer 

value creation and eliminate wastes. To make the value flow, maximize utilization of the 

resources may not be the optimum.  

 

The study revealed that two main elements related to the product development process value 

creation are identifying the voice of the customer and delivering the product or service as 

fast as possible. The main identified wastes and bottlenecks, which prevent the value 

creation, were changing product requirements, lack of resources and rework due to different 

reasons. The literature review suggested five different process metrics, which are time-to-

market, Value Stream Map, Kano-model, Risk Value Method and Process Cycle Efficiency. 

 

In the research study, it was recognized that the case company’s average process lead time 

is possible to reduce by 170 days which is 30% reduction. That is almost a half of the year. 

To achieve that all the identified wastes and bottlenecks should be eliminated. Shorter time 

to market increases the value to the customer and capacity is released from eliminating 

wastes of the process. The flow efficiency is in current state and future state around 20%. It 
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was founded that flow efficiency does not decrease despite the waste elimination. Due to the 

long process lead times, capturing processing times and wastes exactly is hard, thus values 

are approximated.  

 

In addition, the study revealed that the case company is more resource efficient than flow 

efficient. Employees focus should be on the flow efficiency thinking. Current working 

environment push the employees focus on resource thinking, for example thing are not done 

correctly at the first time and value is constantly waiting for the resources. In a prefect lean 

product development world, things are done in small iterations and feedback is collected 

fast. Also, resources are waiting for the value and creating customer value is everyone’s 

focus. All the waste and bottlenecks of the process are eliminated continuously.  

 

The findings of the research have to be seen in the light of some limitations. Due to case 

company’s long process lead time, the research did not provide the possibility to study the 

implementation of the identified changes and improvements. What is more, due to the large 

organization, global environment, complex process and varied products the results of the 

study might not be generalizable and valid for other types of companies. However, the 

research results can be utilized in similar environment. 

 

The answers could have been different, if the workshop were made with different people 

from other projects or positions. However, interviewees and workshop participants were 

selected from different backgrounds and organizational roles in order to get wider 

perspective topic. The total amount of participants gives a comprehensive view of the current 

state of the product development process and its wastes. In addition to that, many different 

data collection methods were used, which increases the reliability of the research. 

 

Since the study found the limitations of research result biases, it is suggested to study the 

long-term effects of the value creation improvements. What is more, it is suggested that the 

research should be conducted in more than one organization to valid the research results.  
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Appendix 1. Interview questions 

APPENDICES 

Background 

1. Name and role in the company 

a. Short description of the job related to product development process 

Process activities 

1. Which are the main activities of the process? 

2. What are the main documents? 

3. How the information flows through the process? 

a. What are the main communication channels? 

Resources 

4. What is the process lead time? 

5. How many man working hours/resources are used? 

a. From that used time, how much is value-adding time or waste? 

Waste 

6. What kind of wastes can be identified in the process? 

7. Is there something done to eliminate waste? What? 

 



Appendix 2. Workshop agenda 

Flow Efficiency in Product Development 

Kaizen workshop agenda 

 

Date: 15-16.10.2019 

Time: Day 1 9.30-15, Day 2 9.30-12 

Location: Helsinki 

 

The objectives of the workshop are: 

• How we work today – mapping the value stream of the current process 

• Pain and problems – identify wastes and root causes 

• Flow – find solutions to eliminate waste and how we should operate  

 

Agenda: 

Day 1 9:30-15:00 

• Introduction & Kaizen kick off 

• Understanding the customer needs and expectations 

• Value stream mapping of the current process 

• Process wastes and root cause analysis 

• Wrap up Day 1 

Day 2 9:30-12:00 

• Creating the Flow, value stream mapping of the future process 

• Improvements and way forward 

• Reflections and wrap up the event 


